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AN IMPROVED DIRECTIONAL COUPLER 



2 5 -04- 2003 



TECHNICAL FIELD 

The present invention relates to a directional coupler cornprising coupled lines. 
BACKGROUND 

A directional coupler is a well known four port element for radio frequency equip- 
ment. This device allows a sample of a radio or microwave frequency signal, which 
is provided to an input port and received at an output port, to be exfracted from the 
input signal. Properly designed, the directional coupler can distinguish between a 
signal provided to the input port and a signal provided to the output port. This char- 
acteristic is of particular use in a radio frequency transmitter in which botii the 
transmitted signal and a signal reflected from a mismatched antenna can be inde- 
pendently monitored. To obtam such performance, directivity of the coupler should 
be very high. Directivity of the coupler is high if so caUed "compensation condi- 
tions" are fulfilled. There are two compensation conditions, ass\iming validity of 
quasi-static approximation: 1) tiie capacitive and inductive coupling coefficients are 
equal, and 2) the coupler is terminated witii the proper impedances, (preferably 50 
Ohms) - for more details see for instance: K. Sachse, A. Sawicki, Quasi-ideal mul- 
tilayer two- and three-strip directional couplers for monolithic and hybrid MICs, 
IEEE Trans. MIT, vol. 47, No. 9, Sept. 1999, pp. 1873 - 1882. 

Directional couplers intended to be used as monitors of transmitted power or power 
reflected from an antemia should have weak couplings (coupling of -30 to -40 dB) 
and high directivity (at least 20 dB). It is a very known property of directional cou- 
plers that directivity is lower for weakly coupled lines than for tightly coupled ones. 
Therefore, couplers having a weak coupling are difficult to make so that they are 
compensated. The article mentioned above by K. Sachse and A. Sawicki describes 



couplers that are suitable for tight couplings, in the region of -3 dB to -8 dB, corre- 
sponding to. coupling levels of 0,7 to 0.4. However, weak couplings under compen- 
sated conditions can not be obtained with the configurations in the article. - 

A good solution for these types of couplers is utilizing pure strip line configuration 
y/itit homogeneous dielectric media. Unfortunately, this solutipn can be applied only 
for the couplers built as separate components. They can not, or can hardly be applied 
in an integrated circuit enviromnent where transmission lines carrying a power sig- 
nal are integrated mainly on the top surface of a multilayer printed board. 

Directional couplers formed in coplanar or conductor-backed coplanar and quasi- 
strip line configurations are described in the US 4,288,760 patent, and here pre- 
sented in fig. 1 and fig. 2, respectively. It can be seen that in both configurations flie 
coupled lines are located at a vertical distance j&rom each other, and also at a hori- 
zontal distance firom each other. Compensation of these couplers is achievable at 
'only one mutual position of coupled strips, and the corresponding coupling is at a 
dozen or so dB level. In these couplers, if compensation conditions are to be kept, 
only a small reduction of coupling is possible by increasing the height of the dielec- 
tric layer separatiag the coupled strips. Moreover, the configuration shown in fig. 1 
is not convenient for multilayer boards, because positions of the external ground 
planes, e.g. formed by a mechanical construction, are very critical for parameters of 
the coupler, and small alterations of external ground plane positions will cause large 
deviations of the coupler parameters. 

SUMMARY 

An object of the invention is to present a directional coupler that can assure a wide 
range of weak couplings realized under compensation conditions. 
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Another object of the invention is to present a directional' coupler cpnfigured in 
multilayer printed circuit environment that can assure a wide range of weak cou- 
plings realized imder compensation conditions. 

5 These objects are reached by a directional coupler comprising coupled lines includ- 
ing a first and a second Une characterized in that it comprises a tuning ground plane, 
that, in a dnection perpendicular to the tuning ground plane, the first and the second 
line are located at a first vertical distance firom each other, that, in a direction per- 
■ pendicular to the tuning ground plane, the first line and the tuning ground plane are 

10 . located at a second vertical distance firom each other, that, in a direction parallel to 
the tuning ground plane and perpendicular to a longitudinal direction of the coupled 
lines, the first and the second line are located at a first horizontal distance firom each 
other, that, in a direction parallel to the tuning ground plane and perpendicular to the 
longitudinal direction of the coupled lines, the fiirst line and the tuning ground plaiie 

1 5 are located at a second horizontal distance firom each other, and that it comprises a 
ground plane which, in a direction perpendicular to the tuning ground plane, is lo- 
cated at a third vertical distance firom the first line, whereby the third vertical dis- 
tance is larger that any of the first or second vertical distances. 

20 The tuning ground plane, located at a vertical distance and a horizontal distance 

firom the first line, contributes substantiaUy to possibilities of adjusting the coupling 
level and compensating the coupler. This aUows achieving a wide raiige of weak 

coupling coefficients, in which the coupler is compensated. In turn, this makes pos- 
sible to obtain high directivity of the coupler. 
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Preferably, the directional coupler comprises at least four conductive layers, 
whereby at least three dielectric layers are interposed between the conductive layers. 
Thereby, the coupler configuration is convenient to be manufactured in a standard 
multilayer printed circuit board technology. 



30 
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Preferably/an electrical length of the directional coupler is a quarter or less of . the 
-wavelength. 

BRIEF DESCRIPTION OF DRAWINGS 

Below, the invention wiU be described in detail with reference .to the drawings,, in 
which 

- fig. 1 and 2 show sectional views of coupled lines' directional couplers accordmg 
• to known art, sectioned perpendicular to the coupled lines, 

- fig. 3 shows a sectional view of a coupled lines directional coupler according to 
a first embodiment of the invention, sectioned perpendicular to the coupled lines, 

- fig. 4 shows a diagram with coupling coefficiKits fertile directional coupler 

shown in fig. 3, and a cross-section corresponding to the one in fig. 3 to explam 
variables in the diagram, 

- fig. 5 shows a sectional view of a coupled hues directional coupler according to 
a second embodiment of the invention, sectioned perpendicular to.tiie coupled 
lines, 

- fig. 6 shows a diagram with coupling coefficients for the directional coupler 
shown in fig. 5, and a cross-section corresponding to the one in fig. 5 to explam 

variables in the diagram, 
^ fig. 7 shows a sectional view of a coupled lines directional coupler according to 
a further embodiment of the invention, sectioned perpendicular to the coupled 

lines, . . . ■ . 

- fig. 8 shows a diagram with effective dielectric constants calculated for two or- 
thogonal modes propagated in the coupled lines in tiie configuration shown in 

. fig. 7, arid a cross-section corresponding to the one in fig. 7 to explain variables 
in the diagram, and 

- fig. 9 and 10 show sectional views of a coupled lines directional couplers ac- 
cording to additional embodiments of the invention, sectioned perpendicular to 
the coupled lines. 
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DETAILED DESCRiraON 

In Fig. 3, cross-section of a structure of a coupled lines directional coupler accord- 
mg to a first embodiment of the invention is presented. Like other embodiments pre- 
sented here.it is suitable for multilayer printed circuit technologies and weak cou- 
plings. It comprises a first 1, a second 2 and a third 3 dielectric layer in the form of 
substrates. The first dielectric layer 1 is located above the second dielectric layer 2, 
and the second dielectric layer 2 is located above the third dielectric layer 3 . The 
coupler comprises a first 4, a second 5, a third 6 and a fourth 7 conductive layer. 
. The first conductive layer 4 is located on top of the first dielectric layer 1. The sec- 
ond conductive layer 5 is located between the first dielectric layer 1 and the second 
dielectric layer 2. The third conductive layer 6 is located between the second dielec- 
tric layer 2 and the third dielectric layer 3. The fourth conductive layer 7 is located 
below the third dielectric layer 3. 

Coupled lines 8, 9, in the form of strips, preferably straight and parallel, and having 
a longitudinal axis, here referred to as a first 8 and a second 9 line, are formed in the 
first 4 and the third 6 conductive layer, respectively. The first and second lines could 
also be arranged so that the distance between them varies, for example in a case 
wh4re one of them, or both, are curved, or in a case where they are straight but non- 
paraUel: For this presentation, the longitudinal axis of the coupled lines is defined as 
the longitudinal direction of the mass distribution of both lines. In a case where the 
coupled lines are straight and parallel, the longitudinal axis of the coupled lines is . 
parallel to each of them. Since the first and the second line 8, 9 are formed in sepa- 
rate conductive layers, they are located at a first vertical distance firom each other. In 
this embodiment, the first vertical distance is approximately equal to the sum of the 
thicknesses of the first 1 and the second 2 dielectric layer. Also, the first and the 
second-lilie 8, 9 are located at a first horizontal distance 14 from each other.-. • 
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Jn the first 4, second 5, third 6 and fourth 7 conductive layer, a respective first 10, 
10', second 11,11', third 12, 12' and fourth 13 ground plane is formed. .The fourth 
ground plane 13 is also referred to as a lower gro\ind plane 13.. The first 10, 10', 
second 1 1, 1 1 and third 12, 12' ground plane each include a first region 10, 1 1, 12, • 
and a.second region, 10', 1 1', 12', which are, in a direction parallel to the ground 
planes and perpendicular to the longitudinal direction of the coupled lines 8, 9, lo- 
cated on opposite sides of the first line 8. 

. The first region of the second ground plane 1 1 , which is, in a direction parallel to 
the ground planes and perpendicular to the longitudinal direction of the coupled 
lines 8, 9, located on the same side of the fiurst line 8 as the second line 9, is here re- 
ferred to as a tuning ground plane 1 1 . As can be seen in fig. 3i-the tuning ground 
plane 1 1 is, in a direction perpendicular to the groimd planes, located between the 
first 8 and the second line 9. The first line 8 and the tuning ground plane. 11, formed, 
in separate conductive layers, are located at a second vertical distance firom each 
other. In this embodiment, the second vertical distance is approximately equal to the 
thickness of the first dielectric layer 1 . Thus, in this embodiment the first vertical 
distance is larger than the second vertical distance. The lower ground plane 13 is, in 
a direction perpendicular to the tuning ground plane 1 1, located at a third vertical 
distance firom the first, line 8, whereby the third vertical distance is larger that any of 
the first or second vertical distances. The third vertical distance is approximately 
equal to the sum. of the thicknesses- of the first 1 , the second 2 and the third 3 di- 
electric layer. 

Furliier, the first line 8 and tunmg ground plane 1 1 are located at a second horizontal 
distance 15 firom each other. 

The first 10 and the second 10' region of the first ground plane are placed with pref- 
. erably the same distances 16, 17 firom the first line 8. However, as an alternative, the 
distances 16, 17 between the first region 10 of the first ground plane and the first 
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line 8, and the second region 10' of the first ground plane and the first line 8 could 
be un-equal. The second region of the second ground plane 11' and the second re- 
gion of the third ground plane 12', both located on the same side of the first line .8, 
are-preferably located at the same horizontal distance 16 firom the first line 8 as the 
second region of the first ground plane 10'. This will be practical, since it will fa- 
cilitate the introduction of via holes 19 described below. However, as an alternative 
the second region of the second ground plane 11' and the second region of the third 
ground plane 12' could be located at horizontal distances fironj the first line 8 that 
are un-equal to the distance 16 between the second region of the first ground plane 
10' and the first line 8. The first region of the second ground plane 12, which is lo- 
cated on the same side of the first line 8 as the .tuning ground plane 11, is located at 
a distance 18 firom the second line 9. The first region of the first 10, second 11, and 
third 12 ground plane and the lower ground plane 13 are connected by means.of a 
plurahty of via holes 19 placed along the coupled lines 8 and 9, and the second re- 
gion of the first 10', second 11', and third 12' ground plane and the lower ground 
plane 13 are also connected by means of a plurality of via holes 19 placed along the 
coupled lines 8 and 9. 

Fig. 4 shows results of calculations of the coupling coefficients of the coupler de- 
scribed above, as a fimction of the horizontal distance 15 between the first Ime 8 
and the tuning ground plane 1 1 (fig. 3), and the horizontal distance 14 between the 
first 8 and the second'9 line as a parameter. T^ie permittivity of ihe dielectric layers 
is referred to as epsl, eps2, and epsB. epsl and eps3 values are typical for a core 
material, and eps2 value is typical for a prepreg material, kc and kl refer to the ca- 
pacitive and inductive coupling coefficients, respectively. The directional coupler is 
compensated if these two coefficients are equal and the ports of the coupler are ter- 
minated, in this case with 50- Ohms impedance. It can be seen in fig. 4 that the con- 
figuration assures wide range of weak couplings, i.e. firom -20 dB to -37 dB and be- 
yond, while being compensated. To- clarify that these are weak coupling levels, it is 
pointed out that -20 dB correspond to a ratio between the power transferred to the 



second line 9 and the total power propagated in the main line 8 of 0.01, and -30 dB 
correspond to a ratio between the power transferred to the second line 9 and the total 
power propagated in the main line 8 of 0.001. The ground plane 11 has a central 
function in adjusting the coupling level and to compensate the coupler. The cou;- 
piing level can be adjusted by changing the distance 14 between the first line 8 and . 
the second line 9 arid adjusting the distance 15 between the first line 8 and the tun- 
ing ground plane 1 1 . The adjustment of the distance 15 between the first line 8 and 
the tuning-ground plane 1 1 will also tune the coupler to the compensation condi- 
tions. At the same time width of the first line 8 and the second line 9 should be ad- 
jxisted to fulfill the matching condition of the compensation conditions. These 
widths vary jfrom 120 to 126 mils for the line 8 and firom 21 to 3 1 mils for the line 9 
when the first 14 and the second 15 horizontal distances vary over the range shown 
in fig. 4. 

Fig. 5 shows a directional coupler according to a second embodiment of the inven- 
tion. As the coupler in fig. 3, it comprises a first dielectric layer 1 located above a 
second dielectric layer 2, which is located above a third dielectric layer 3, and also a 
first conductive layer 4 located on top of the first dielectric layer 1 , a second con- 
ductive layer .5 located between the first dielectric layer 1 and the second dielectric 
layer 2, a third conductive layer . 6 located between the second dielectric layer 2 and 
the third dielectric layer 3, and a fourth conductive layer 7 located below the third 
dielectric layer 3. 

. Coupled lines 8, 9, comprise a first line 8 formed in the first 4, and a second line 9 
formed in the second conductive layer 5, whereby the coupled lines axe, in a direc- 
tion perpendicular to the plane of the layers, located at a first Vertical distance firom 
each other. In this embodiment, the first vertical distance is approximately equal to 
the thickness of the first dielectric layer 1. Further, the first and the second line 8, 9 
are located at a first horizontal distance 14 firom each other. 
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In the first conductive layer 4 a first ground piahe 10, 10' is formed. In the third 
conductive layer 6 a second ground plane 1 1, 11 ' is formed, and in the second con- 
ductive layer 5 a third ground plane 12, 12' is fonned. In the fourth conductive layer 
7 a fourth ground plane iS is formed, herein also referred to as a lower ground plane 
13. The first 10, 10', second 11, U', and third 12, 12' ground plane each include a 
first region 10, 1 1, 12, and a second region 10', 1 1', 12', which are, in a direction 
parallel to the ground planes and perpendicular to the longitudinal direction of the 
coupled lines 8, 9, located on opposite sides of the first line 8. 

The first region of the second ground plane 1 1 is referred to as a tuning ground 
plane 1 1 . It is, in a direction parallel to the ground planes and perpendicular to the 
longitudinal direction of the coupled lines 8, 9, located on the same side of the first 
line 8 as the second line 9. As can be seen in fig. 5, the second line 9 is, in a direc- 
tion perpendicular to the ground planes, located between the first line 8 and the 
tuning ground plane 1 1 . The first line 8 and the tuning ground plane 1 1 are formed • 
in separate conductive layers, and therefore located at a second vertical distance 
fi:om each other. In this embodiment, the second vertical distance is approximately 
equal to the sum of the thicknesses of the first 1 and the second 2 dielectric layer. 
Also, the first line 8 and tuning ground plane 1 1 are located at a second horizontal 
distance 1 5 from each other. In this embodiment, the second vertical distance is 
larger than the first vertical distance. The Ipwer ground plane 13 is, in a direction 
perpendicular to the tuning ground plane 1 1, located at a third vertical distance firom 
the first line 8, whereby the third vertical distance is larger that any of the first or 
second vertical distances. The third vertical distance is approximately equal to the 
sxmi of the thicknesses of the first 1, a second 2 and a third 3 dielectric layer. 

As in the fiurst embodiment, the first 10 and the second 10' region of the first ground 
plane are placed with preferable equal distances 16, 17 firom the first line 8, and the 
second region of the second ground plane 1 1 ' and the second region of the third 
ground plane 12', are preferably .located at the same horizontal distance 16 firom the 
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first line 8 as the second region of the first ground plane 10'. The first region of the 
second ground plane 12, which is located on the same side of the first .line 8 as the 
tuning ground plane 11, is located at a distance 1« from the second line 9. The first 
region of the first 1 0, second 1 1 and third 12 ground plane and the lower ground 
plane 13 are connected by means of a pliirality of via holes 19 placed along the cou- 
pled lines 8 and 9, and the second region of the first 10', second 1 1 ', and third 12' 
ground plane and the lower ground plane 13 are also connected by means of a plu- 
rality of via holes 19 placed along the coupled lines 8 and 9. 

Fig. 6 shows results of calculations of the coupling coefficients, of the coupler de- 
scribed with reference to fig. 5, as. a function of the horizontal distance 15 between 
the first line 8 and the tuning ground plane 1 1, and the horizontal distance 14 be- 
tween the first 8 and the second 9 line as a parameter. The diagram includes the 
same parameters as the diagram in fig. 4, with the foUowing exception: In fig. 6-the 
results are obtained by setting the horizontal distances 16, 17 (see fig. 5) between 
. tite first line 8 and the first 10 and the second 10' region of the first ground plane 
equal to the horizontal distance s, (15 in fig. 5), between the first line 8 and the tun- • 
ing ground plane" 11. However, as m tiie example described with reference to fig. 3 
and 4, the horizontal distances 16, 17 between the first line 8 and the first 10 and the 
second 10' region of the first ground plane, and the horizontal distance 15 between 
the fibrst line 8 and the tuning ground plane 1 1 could be dissimilar. 

It can be seen in fig. .6 that with the coupler according to the second embodiment es- 
sentially the same wide range of weak couplings is achievable while bemg compen- 
sated, as with the coupler according to the first embodiment: In the second embodi- 
ment, the tuning ground plane 1 1 plays an even more important role in achieving 
compensation conditions. Accompanying widths of the first line 8 and the second 
line 9, assuring the matching to 50 Ohms condition, vary from 104 to 130 mils and 
from 21 to 40 mils, respectively. • 



In the first and second embodiments, presented with reference to fig. 3 and 5, re- 
spectively, the configurations utilized the conductor-backed coplanar line 8 on the 
first conductive layer 4 and quasi strip lint 9 on the third 6 or on the second 5 con- 
ductive layer. 

Fig. 7 shows a fiirther embodiment, in.the form of a microstrip - quasi strip line 
configuration, whereby positions of a first line 8, a second line 9 and a tuning 
groxmd plane 1 1 correspond to the positions of the respective corresponding ele- 
ments in the configuration shown in fig. 3. A lower ground plane 13 is present be- 
low the second line 9. The embodiment shown in fig. 7 differs from the embodiment 
shown in fig. 3 in that, at least in a vicinity of the coupled lines 8, 9, there are no 
ground planes at conductive layers in which the first line 8 and the second line 9 are 
formed. Also, a part corresponding to the second region 1 1' of the second ground 
plane in the embodiment shown in fig. 3 is not present in the embodiment shown in 
fig. 7. In the embodiment in fig. 7, the first line 8 and the lower ground plane 1 3 
form a microstripUne configuration, in which the first line 8 is a microstripline 8, 
and liie second line 9, the tuning ground plane 1 1 and the lower ground plane 1 3 
form a stripline configuration, in which the second line 9 is a quasi strip lin;e 9. 

Surprisingly, it has been found that weak couplings at compensation conditions can 
be obtained with a big difference in propagation velocities of two orthogonal modes 
propagated in' the coupled lines. This is illustrated in fig. 8 in which effective di- 
electric coiistants calculated for two orthogonal modes propagated in the coupled 
lines in configuration shown in fig. 7, and a cross-section corresponding to the one 
in fig. 7 to e3q)lain variables in the diagram, are presented. Dielectric permittivity of 
the dielectric layers is chosen to be the same for each layer, and equal to 3.6. In fig. 
8, eps eff c corresponds to the wave propagated in the stripline 9. Notice, that if the 
stripline 9 is . covered with the tuning groiind plane 11, which corresponds to small 
values of s, effective dielectric cdnstant for this' mode is equal to the dielectric per- 
mittivity of the dielectric layers, as it should bfe for the stripline 9. eps eff pi corre- 
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spends to the.wave propagated in the microstripline 8 and diffp very much from 
eps eff c. • • 

Preferably, an electrical length of the directional coupler, i.e. the (fistance on which 
the jSrst and the second lines are coupled, is a quarter or less of length of the propa- 
gated wave - how to calculate this length for two modes propagated with different 
velocities see the above mentioned article: K. Sachse, A. Sawicki, Quasi^ideal mul- 
tilayer two- and three-strip directional couplers for monolithic and hybrid MICs. 
IEEE Trans. MTT, vol. 47, No. 9, Sept. 1999, pp." 1 873 - 1 882. 

Further modifications of the configurations described above are possible within the 
scope of the present invention. On the side of the first line 8 opposite to the side 
where the second line 9 and the tuning ground plane 1 1 are positioned, any ar- 
rangement of the ground planes 10', 11' and.l2'.is possible. Thereby, only some of 
the latter can be present, or all of them can be omitted. The ground planes positioned 
at the vicinity of the first 8 or the second line 9 can be useful for tuning these lines 
to the terminating impedance (50 Ohms) at convenient geometrical dimensions. 

Fig. 9 shows an alternative configuration in which positions of a first line 8, a sec- 
ond line 9 and a tuning ground plane 1 1 corresponds to the positions of the respec- 
tive corresponding elements in the configuration shown in fig. 7. Additionally, a 
second ground plane region 1 1 ' formed in the same conductive layer as the tuning . 
ground plane is presented,.in a horizontal direction, on the opposite side of the first 
line 8. Also, in a horizontal direction, on the same side of the first line 8 as the tun- 
ing ground plane 11, a first ground plane 10 is formed on the same conductive layer 
as the first line 8, and located at a distance 17 from the latter. 

In the embodiments described above, the first line 8, whether in the form of a copla- 
nar or a microstiip line, works in the coupler as a power carrying line. Fig. 10 shows 



an 



alternative embodiment, in which positions of a second line 9 and a tuning 
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ground plane 1 1 corresponds to the positions of the respective corresponding ele- 
ments in the configuration shown in fig. 3. A first Une is stacked, whereby an auxil- 
iary line 20 on a second conductive layer 5 is located below a line 8 on a first con- 
ductive layer 4 and connected to the line 8 utilizing at least one, preferably a plural- 
ity of via holes 21 placed along the lines 8 and 20. This will extend the power han- 
dling capability of the line 8. . 

The configurations in fig. 3, 7, and 9 where the microstrip line 8 and the stripline 9 
are placed on top of each other, with the ground plane 1 1 separating these two 
propagation media, provide for manufacturing couplers of high scale of integration, 
with a relatively small size, which is a big advantage in many applications. 
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CLAIMS ; ■ . •' • . - • 

1. A directional coupler comprising coupled lines (8, 9) including a first (a) and a 
second (9) line, characterized in 

- that it comprises a tuning ground plane (1 1), 

- . that, in a direction perpendicular to the tuning ground plane (1 1), the first (8) and 
the second (9) line are located at a first vertical distance from each other, 

- • that, in a direction perpendicular to the tuning ground plane (1 1), the first line (8) 

and the tuning ground plane (1 1) are located at a second vertical distance firom 
each other, 

- that, m a direction parallel to the tuning ground plane (1 1) and perpendicular to a 
longitudinal direction of the coupled lines (8, 9>, the first (8) and the second (9) 
line are located at a first horizontal distance (14) firom each otherj 

- that, in a direction parallel to the tuning ground plane (1 1) and perpendicular to 
the longitudinal direction of the coupled lines (8, 9), the first line (8) and the 
toning ground plane (1 1) are located at a second horizontal distance (1 5) firom 
each otiier, and 

- that it comprises a lower ground plane (1 3), which, in a direction perpendicular 
to the tuning ground plane (1 1), is located at a third vertical distance firom the 
first line (8), whereby the. third vertical distance is larger that any of the first or 
second vertical distances. 

2. A directional coupler according to claim 1, first vertical distance is larger than 
the second vertical distance. 

3. A directional coupler according to claim 1, first vertical distance is shorter than 
the second vertical distance. 
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4. A directional coupler according to any of the preceding claims, comprising at 
least four conductive layers,- whereby at least three dielectric layers are inter- 

•. posed between the conductive layers: 

5. A directional coupler according to claim 4, whereby at least one ground plane 

■ (10, 10') is formed in a vicinity of the first line (8) on the same conductive layer 
(4). 

6. A directional coupler according to claim 4 or 5, whereby at least one ground . 
plane (12, 12') is formed in a vicinity of the second line (9) on the same conduc- 
tive layer. . 

7. A directional coupler according to any of the preceding claims, whereby an aux- 
ihary line (20), in a direction perpendicular to the tuning ground plane (1 1), is • 
located at a fourth vertical distance from the first line (8) and connected thereto 

with at least one via hole (21). 

8. A directional coupler according to any of the preceding claims, whereby an 
electiical length of the directional coupler is a quarter or less of length of the 
propagated wave. 
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ABSTRACT ... 

A directional coupler is presented comprising a jSrst line (8), a second line (9), and a 
tuning groimd plane (1 1). The first (8) and the second (9) line are located at a first 

5 , vertical distance j&om each other, and the first line (8) and the tuning ground plane 
(1 1) are located at a second vertical distance fiom each other. The first (8) and the 
second (9) line are located at a first horizontal distance (14) firom each other, and the 
first line (8) and the tuning ground plane (11) are located at a second horizontal 
distance (15) from each other. It comprises a lower ground plane (13) which, in a 

10 . direction perpendicular to the tuning ground plane (11), is located at a third vertical 
distance firom the first line (8), whereby the third vertical distance is larger that any 
of the first or second vertical distances. 
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